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DES^TF£ION 
Promoter 

air 

echnical Field 

The present invention relates to promoters. More specifically, 
the present invention relates to novel promoters having restriction 
enzyme cleavage site sequences in the vicinity of the 3' end downstream of 
the promoters and improved promoter activity. 



B ackgr ound Art 

To produce substances with microorganisms, the following 
operations are widely performed: inserting a gene encoding a desired 
protein into a vector and introducing the obtained recombinant vector 
into a cell to express this gene, thereby producing the desired protein in 
the host microorganism. One of the regions involved in the expression of 
the gene is a promoter. 

The promoter includes a region including -35 and -10 regions 
which RNA polymerase recognizes and binds to and a region that 
designates the binding of ribosome to mRNA synthesized by RNA 
polymerase. Not only the nucleotide sequence of the promoter region is 
very important regarding expression efficiency, but the length of the 
nucleotide sequence thereof, that is, the number of bases, is also 
important (Mol. Gen. Genet. 186 339-U982)). 

Research of the nucleotide sequence of the promoter was first 
conducted with promoters of E. coli, leading to production of promoters for 
mass expression of proteins, and substance production using E. coli as a 



host has been performed. 

However, since E. coli produces pyrogens, purification process in 
protein production is very expensive. Therefore, E. coli is not a suitable 
host for the fields of pharmaceuticals, foods, or the like, so that other host 
cells (microorganisms) are in demand. Among these, microorganisms of 
the genus Bacillus seem promising, because they have been used in 
fermentation industry, have high secretion performance, and are free 
from pathogenicity and do not produce pyrogens. 

There are a number of reports regarding the production of protein 
using microorganisms of the genus Bacillus as a host. However, in most 
cases, the main purpose lies in ligating a gene encoding a desired protein 
to a secretory signal sequence in-frame for the purpose of secretion (e.g., 
Japanese Laid-Open Patent Publication (Tokkai) Nos. 59-205996, 62- 
215393, and 3-206889, Japanese Patent Publication (Tokko) No. 6-69377, 
and Japanese Laid-Open Patent Publication (Tokkai) No. 7-155183). 
Thus, there is substantially no attempt to enhance promoter activity. 

Regarding improvement of the promoters of the genus Bacillus, 
Japanese Laid-Open Patent Publication (Tokuhyo) No. 6-500689 
describes a hybrid promoter of oc-amylase of Bacillus subtilis, and 
Japanese Laid-Open Patent Publication (Tokuhyo) No. 7-504085 
describes that a promoter having nine mutations at the 553 th and from 
the 588 th to 595 th positions of an a -amylase promoter gene of Bacillus 
licheniformis has higher activity than the natural sequence. However, the 
activity of the promoter does not appear to be sufficient. 

Thus, there are substantially no reports on research results 
regarding improvement of promoters of the genus Bacillus. This seems 
to be not because research has not been conducted, but because good 



results substantially cannot be attained. This seems to be one factor 
that prevents microorganisms of the genus Bacillus from being utilized as 
a recombinant host. 

Therefore, in particular, in the field of pharmaceuticals or foods, it 
is desired at present to increase the expression efficiency of promoters of 
microorganisms of the genus Bacillus, and to increase the utility value of 
the microorganisms of the genus Bacillus as a host. 

Therefore, it is an object of the present invention to provide highly 
active promoters of microorganisms of the genus Bacillus and to increase 
utilization of the microorganism of genus Bacillus as a host. 

— Biscfrrgure of the Invention 

In order to solve the above problems, the inventors of the present 
invention found that promoter activity is improved by providing a 
mutation in a DNA sequence located in the vicinity of the 3' end of an a - 
amylase promoter region derived from Bacillus amyloliquefaciens and 
thus attained the present invention. 

More specifically, the present invention is directed to a promoter 
of a-amylase derived from a microorganism of the genus Bacillus, wherein 
a sequence having at least one restriction enzyme cleavage site 
(hereinafter, referred to as "restriction site") is introduced between the 
vicinity of the 3' end of the promoter and an initiation codon of protein, 
and the activity of the promoter is higher than that of a natural promoter. 

In a preferable embodiment, the promoter of a-amylase is derived 
from Bacillus amyloliquefaciens. 

In a preferable embodiment, the restriction site is a restriction 
site for BamHI. 
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In a more preferable embodiment, the promoter has the sequence 
of Sequence ID No. 1. 

In another preferable embodiment, the restriction site includes 
restriction sites for BamHI and at least one restriction site other than the 
restriction site for BamHI, and the restriction site other than the 
restriction site for BamHI is present downstream of the BamHI 
restriction site. 

In a more preferable embodiment, the restriction site sequence 
has a sequence of restriction sites for BamHI and EcoRI, and may have a 
sequence of at least one restriction site between the BamHI and EcoRI 
cleavage sites. 

In an even more preferable embodiment, the sequence of the 
promoter is the sequence of Sequence ID No. 2, and the restriction sites 
are restriction sites for BamHI, Smal, Kpnl, SacI and EcoRI in this order 
from the 5' end. 

In another preferable embodiment, the restriction site sequence 
has a sequence of restriction sites for BamHI, Ndel, and Xhol in this 
order from the 5' end. 

The present invention is also directed to an expression cassette 
having the above -de scribed promoter. 

Furthermore, the present invention is also directed to an 
expression vector in which a gene encoding protein is inserted into a 
restriction site of this expression cassette. 

In a preferable embodiment, the sequence encoding protein is a 
sequence of an intracellular enzyme. 

In a more preferable embodiment, the sequence encoding protein 
is a sequence of phosphorylase or isomerase. 



In an even more preferable embodiment, the phosphorylase is 
trehalose phosphorylase or maltose phosphorylase. 

In another preferable embodiment, the isomerase is mannose 
isomerase. 

The present invention is further directed to a recombinant 
microorganism having the above-described expression vector and a 
method for producing protein including the step of culturing this 
recombinant microorganism. 

- Brief Descripti on of Lh e- Brawings - 

Figure 1 is a schematic view showing to obtain a promoter and 
construction of an expression cassette of the present invention. 

Figure 2 is a schematic view of construction of an expression 
cassette pUB-PBE of the present invention. 

Figure 3 is a schematic view of construction of an expression 
vector pUB-PB-MP of the present invention. 

Figure 4 is a schematic view of construction of an expression 
vector pUB-PBE-MP of the present invention. 

Figure 5 is a schematic view of construction of an expression 
vector pUB-PB-TP of the present invention. 

Figure 6 is a schematic view of construction of an expression 
vector pUB-PBE-TP of the present invention. 

Figure 7 is a schematic view of construction of an expression 
vector pUB-P-MP of Comparative Example 1. 

Figure 8 is a schematic view of construction of an expression 
vector pUB-P-TP of Comparative Example 2. 

Figure 9 is a schematic view of construction of an expression 



cassette pUB-PBN of the present invention. 

Figure 10 is a schematic view of construction of an expression 
vector pUB-PBN-MI of the present invention. 

Figure 11 is a schematic view of construction of an expression 
vector pUB-P-MI of the present invention. 

< -& etti Muda for Can vixtg Out tho Invontion . 
(Promoter) 

A promoter of the present invention is obtained by modifying a 
promoter of a-amylase derived from a microorganism of the genus 
Bacillus. Examples of microorganisms of the genus Bacillus include 
Bacillus amyloliquefaciens, Bacillus subtilis, Bacillus licheniformis, 
Bacillus polymyxa, Bacillus stearothermophilus, Bacillus 
thermoproteolyticus, Bacillus coagulans, Bacillus thuringiensis, Bacillus 
megaterium, Bacillus cereus, Bacillus natto and Bacillus acidocaldarius. 
Among these, a promoter of a-amylase derived from Bacillus 
amyloliquefaciens is preferable in view of expression efficiency. 

In the promoter of a-amylase of the present invention, a sequence 
having at least one restriction site is introduced between the vicinity of 
the 3' end and the initiation codon of protein. Herein, "the vicinity of the 
3' end" refers to about lObp from the 3' end. There is no particular 
limitation regarding the kind of restriction sites, and examples thereof 
include restriction sites for BamHI, Smal, Kpnl, SacI, EcoRI, Hindlll, 
PstI, Ndel and Xhol. In the case of one restriction site, the site for 
BamHI is preferable. In the case of a plurality of restriction sites, it is 
preferable that the promoter has at least one BamHI site and has other 
restriction sites downstream thereof. In this case, the site for EcoRI is 



preferable as another restriction site, and at least one restriction site for, 
for example, Smal, Kpnl and Sad may be provided between the 
restriction sites for BamHI and EcoRI. Of course, the promoter may 
further have another restriction site for, for example, Hindlll and PstI 
downstream of EcoRI. 

Moreover, a sequence including restriction sites for BamHI, Ndel 
and Xhol in this order from the 5 ? end can be preferably used. 

When the promoter of the present invention is used for an 
expression cassette or an expression vector described below, a plurality of 
restriction sites may be used as multi-cloning sites. In other words, a 
plurality of restriction sites can be provided in order to facilitate insertion 
of foreign genes. The restriction sites of the foreign gene to be inserted 
can be determined in view of the restriction sites (multi-cloning site) of a 
vector. 

A preferred sequence of the promoter of the present invention is 
the sequence described in the Sequence ID No.l. This sequence has a 
BamHI cleavage site sequence in the 3' end. A preferred sequence 
having two or more restriction sites (i.e., multi-cloning sites) is described 
in the Sequence ID No. 2. In the 3' end of this sequence of Sequence ID 
No. 2, restriction sites for BamHI, Smal, Kpnl, SacI and EcoRI are 
provided in this order. 

The promoter of the present invention can be obtained by 
introducing a restriction site sequence into the vicinity of the 3' end in the 
promoter region of a-amylase derived from a microorganism of the genus 
Bacillus. An appropriate method for gene recombination can be used to 
introduce a restriction site sequence. For example, a method such as 
PCR using a primer having a restriction site sequence may be applicable. 



PCR is preferable because promoter isolation and introduction of a 
restriction site sequence can be performed at the same time. Primers for 
PCR can be produced, based on a promoter sequence of a-amylase derived 
from, for example, Bacillus amyloliquefaciens described in Gene 15 43- 
(1981), and a restriction site sequence can be introduced into the 
antisense primer sequence (the 3' end primer). The sequences of 
Sequence ID Nos. 4 and 5 are examples of primers for introducing a 
restriction site. 

(Expression cassette) 

In the present invention, "expression cassette" refers to a vector or 
a plasmid that has at least one site for inserting a desired gene to be 
expressed and in which the desired gene can be expressed when it is 
inserted. The promoter region of the present invention has a restriction 
site for inserting a desired gene in its 3' end. Therefore, an expression 
cassette can be constructed by introducing the promoter of the present 
invention to an appropriate site of an appropriate vector or plasmid. 

Any vector can be used as a vector used to prepare an expression 
cassette, as long as it can self replicate in a host cell and can retain a 
promoter sequence and a structural gene encoding a* desired protein 
stably. It is preferable that this vector has a selective marker (e.g., drug 
resistant genes such as ampicillin resistant gene and 
kanamycin/neomycin resistant gene) in order to confirm that the vector 
has been introduced into a host. Moreover, an expression regulation 
sequence such as an appropriate terminator, enhancer or the like can be 
ligated thereto. Examples of appropriate terminators include a 
terminator sequence of a-amylase (Gene 15, 43(1981)). 
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Examples of vectors of the genus Bacillus used to prepare the 
expression cassette include pUBHO (Pro. Natl. Acad. Sci. U.S.A., 75, 
1423-U978)), pC194, pT127 (Pro. Natl. Acad. Sci. U.S.A., 74, 1680-Q977)), 
which can replicate in Bacillus subtilis, and derivatives thereof. 
5 Other examples of vectors used to produce the expression cassette 

include a shuttle vector pHY300PLK (Jpn. J. Genet., 60 235-Q985)), 
which can replicate in E. coli and Bacillus subtilis, and further pBR322 
(Gene, 2, 95-(1977)) and pUC19 (Messing, Methods. EnzymoL, 101, 20- 
(1983)), which can replicate in E. coli. 
10 In particular, shuttle vectors are useful in view of gene 

amplification. 

(Expression vector) 

In the prfc^ent invention, an "expression vector" refers to a vector 
or a plasmid in which a structural gene encoding a desired protein is 
inserted in the restriction site of the above-described expression cassette. 
Any gene can be inserted/sas long as it can be expressed in a host to which 
the gene is introduced. Examples thereof include genes of phosphorylase 
(trehalose phosphorylase, \ maltose phosphorylase, kojibiose 
20 phosphorylase, cellobiose phospKorylase, laminaribiose phosphorylase, 
etc.). In particular, examples of gefces derived from the genus Bacillus 
include trehalose phosphorylase (hereinafter abbreviated as TPase) 
derived from Bacillus stearothermophilus^SK-1 strain (deposited with the 
International Patent Organism Depositary, National Institute of 
!5 Bioscience and Human-Technology, Agency of tne Industrial Science and 
Technology, Ministry of International Trade and Industry Japan, 1-1-3, 
Tsukuba Higashi, Ibaraki, JAPAN (original Deposit rtate: September 29, 




1994), FERM BP-5594) and maltose phosphorylase (hereinafter 
abbreviated as MPase) derived from Bacillus species RK-1 strain 
(depositea\with the International Patent Organism Depositary, National 
Institute of Bioscience and Human-Technology, Agency of the Industrial 
Science and Technology, Ministry of the International Trade and Industry 
Japan, 1-1-3, Tsukuha Higashi, Ibaraki, JAPAN (original Deposit date: 
July 12, 1995), FERM B^-5592). Examples of genes of microorganisms 
of other genus than the gfenus Bacillus include mannose isomerase 
(hereinafter abbreviated as j\£[ase) derived from Agrobacterium 
radiobactor M36 (deposited with the International Patent Organism 
Depositary, National Institute of the Bioscience and Human-Technology, 
Agency of Industrial Science and Technology Ministry of International 
Trade and Industry Japan, 1-1-3, Tsukuba Hi&ashi, Ibaraki, JAPAN 
(original Deposit date: April 23, 1999), FERM P-17377). 

The foreign genes are ligated not only for the purpose of obtaining 
gene products encoded by the genes, but also for other purposes in the 
case where protein is not synthesized (e.g., regulation of expression by 
anti-sense RNA). 

The gene encoding a desired protein may or may not include a so- 
called leader sequence that is involved in secretion. In the case of the 
former, the desired protein is secreted outside the host cell, and in the 
case of the latter, the desired protein is stored in the host cell. 

A structural gene encoding a desired protein is inserted into an 
expression cassette by a suitable method used by those skilled in the art. 
When the sequence of the restriction enzyme cleavage site of the promoter 
of the present invention matches the sequence in the 3' end and the 5' end 
of the gene to be introduced, the gene can be introduced into the 
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restriction enzyme cleavage site. When they do not match, the sequence 
of the restriction site of the expression cassette can be changed so as tp 
match the sequence of the gene to be introduced, or the sequence at the 
end of the gene to be introduced can be changed. The sequence can be 
changed by PCR, site-specific mutation or other methods. The above- 
described recombinant DNA technology can be performed, for example, 
with reference to Molecular Cloning A Laboratory Manual (Cold Spring 
Harbor Laboratory, 1989). 

(Method for producing recombinant microorganism and desired protein) 

Then, the obtained expression vector is introduced into a host 
microorganism. There is no particular limitation regarding the host 
microorganism. For example, in the case of E. coli, DH5a strains, 
HB101 strains, C600 strains, JM101 strains and the like can be used. In 
the case of the genus Bacillus, strains such as Bacillus subtilis, BD170, 
168, ISW1214 can be used. Microorganisms of the genus Bacillus are 
most preferable because the promoter is derived from a microorganism of 
the genus Bacillus. 

There is no limitation regarding a method for introducing the 
expression vector to a host microorganism. Examples thereof include 
transformation, transduction, cell fusion, and electroporation. For 
example, in the case of the E.coli host, the method of Mandel and Higa (J. 
Mol. Biol., 53,159-(1970)), the method of Hanahan (J. Mol. Biol., 166, 
557-(1983)) or the like can be used. In the case of microorganisms of the 
genus Bacillus, a competent cell method (Mol. Gen, Genet., 167, 251- 
(1979)), a protoplast method (Mol. Gen, Genet., 168,111-(1978)) or the like 
can be used. 
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After the introduction, a recombinant microorganism is selected 
with a selective marker, and the obtained recombinant microorganism, is 
cultured, so that the desired protein is secreted in a medium, or stored in 
the microorganism cells. Then, the desired protein can be recovered by a 
conventional method. 

Comparison between the promoter activity of the present 
invention and the activity of the natural promoter sequence is performed 
by measuring the amount of expression of the foreign gene inserted 
downstream of the promoter. 

Examples 

Hereinafter, the present invention will be described more 
specifically by way of examples, but the present invention is not limited 
thereto. 

Example 1: Obtaining the promoter of the present invention and 
construction of an expression cassette 

Figure 1 shows a schematic view for obtaining the promoter of the 
present invention and construction of an expression cassette. Bacillus 
amyloliquefaciens IFO 15535 was cultured and chromosomal DNA was 
extracted by a conventional method. Two kinds of primers having 
sequences of Sequence ID Nos. 3 and 4 in the sequence listing were 
synthesized based on the sequence of the. promoter of a -amylase 
described in Gene, 15, 43-(1981), and used to amplify the DNA by PCR 
with chromosomal DNA described above. The PCR was performed using 
AmpliTaqGold (manufactured by Perkin-Elmer Corp.) as thermostable 
polymerase with GeneAmp PCR System 9700 (manufactured by Perkin- 
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Elmer Corp.) according to the manufacturer's instructions. 

A gene fragment that had been amplified by PCR was cleaved with 
restriction enzymes Xbal and BamHI, and then subjected to 3.0% agarose 
gel electrophoresis. Thus, a 0.25kbp Xbal-BamHI fragment including 
the promoter region of a -amylase was recovered from the agarose gel. 
By determining the sequence of the obtained fragment, it was found that 
the sequence of the third and second positions from the 3 ? end of the 
promoter sequence of the original cc -amylase gene was changed from AA 
to TC, and thus a BamHI cleavage site was introduced. 

Separately, a plasmid pUBllO (manufactured by SIGMA Co.) was 
digested with Xbal and BamHI, and then the obtained promoter sequence 
(0.25kbp Xbal-BamHI fragment) was ligated thereto with T4DNA ligase, 
so that an expression cassette pUB-PB was obtained (Figure 1). 

Example 2: Obtaining the promoter of the present invention and 
construction of an expression cassette. 

The same operations were performed except that the primer of the 
sequence indicated by Sequence ID No. 5 was used instead of Sequence ID 
No. 4. Then, a DNA fragment (0.27kbp Xbal-EcoRI DNA fragment) in 
which restriction sites for Smal, Kpnl, SacI, and EcoRI were introduced 
downstream of the sequence of Sequence ID No. 1 was introduced into a 
plasmid pUBllO cleaved with Xbal and EcoRI. Thus, an expression 
cassette pUB-PBE was obtained. Figure 2 shows a schematic view of the 
construction of this expression cassette pUB-PBE. 

Example 3: Construction of MPase expression vector 

An MPase gene was obtained from chromosomal DNA of Bacillus 
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species RK-1 strain (FERM P-15044), based on the description of 
Japanese Laid-Open Patent Publication (Tokkai) No. 10-262683. More 
specifically, a gene was amplified by PCR, using two kinds of primers 
having sequences of Sequence ID Nos. 6 and 7 in the sequence listing, 
cleaved with restriction enzymes BamHI and EcoRI, and then subjected 
to 0.8% agarose gel electrophoresis. Thus, a 2.4kbp BamHI-EcoRI 
fragment was recovered. This fragment contained the structural gene of 
MPase. 

Separately, a plasmid pUB-PB was digested with BamHI and 
EcoRI, and then the 2.4kbp fragment including the MPase structural 
gene was ligated thereto with T4DNA ligase, so that a plasmid pUB-PB- 
MP was obtained. Figure 3 shows the construction of the MPase 
expression vector. 

Furthermore, PCR was performed in the same manner as above, 
using primers having the sequences indicated by Sequence ID Nos. 13 and 
7 in the sequence listing. An amplified DNA fragment was cleaved with 
EcoRI, and a 2.4kbp EcpRI-EcoRI fragment including an MPase 
structural gene was obtained. The obtained 2.4kbp EcoRI fragment and 
a plasmid pUB-PBE digested by EcoRI were ligated to each other with 
T4DNA ligase, so that a plasmid pUB-PBE-MP was obtained. Figure 4 
shows the construction of the MPase expression vector. 

Example 4: Construction of TPase expression vector 

A TPase gene was obtained from chromosomal DNA of Bacillus 
stearothermophilus SK-1 strain (FERM P-14567), based on the 
description of Japanese Laid-Open Patent Publication (Tokkai) No. 10- 
327887. More specifically, a gene was amplified by PCR, using two kinds 
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of primers having sequences of Sequence ID Nos. 8 and 9 in the sequence 
listing, cleaved with restriction enzymes BamHI and EcoRI, and then 
subjected to 0.8% agarose gel electrophoresis. Thus, a 2.4kbp BamHI- 
EcoRI fragment was recovered. This fragment contained the structural 
gene of TPase. 

Separately, a plasmid pUB-PB was digested with BamHI and 
EcoRI, and then the 2.4kbp fragment including the TPase structural gene 
was ligated thereto with T4DNAligase, so that a plasmid pUB-PB-TP was 
obtained. Figure 5 shows the construction of the TPase expression 
vector. 

Furthermore, PCR was performed in the same manner as above, 
using primers having the sequences indicated by Sequence ID Nos. 14 and 
9 in the sequence listing. An amplified DNA fragment was cleaved with 
EcoRI, and a 2.4kbp EcoRI-EcoRI fragment including a TPase structural 
gene was obtained. The obtained 2.4kbp EcoRI fragment and a plasmid 
pUB-PBE digested with EcoRI were ligated to each other with T4DNA 
ligase, so that a plasmid pUB-PBE-TP was obtained. Figure 6 shows the 
construction of the TPase expression vector. 

Comparative Example 1: Construction of an MPase expression vector 
having a wild type a -amylase promoter 

The chromosomal DNA of Bacillus amyloliquefaciens IFO 15535 
obtained in Example 1 was used to PCR amplification, using two types of 
primers having sequences of Sequence ID Nos. 3 and 10. The obtained 
fragment was phosphorylated with T4 polynucleotide kinase and blunt- 
ended by SI nuclease. Thereafter, the fragment was digested with Xbal, 
subjected to 3.0% agarose gel electrophoresis, and then the DNA fragment 
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was recovered. With these operations, a 0.25kbp wild type a -amylase 
promoter fragment with an Xbal cleavage site at its 5' end and blunt- 
ended 3' terminal was obtained. 

A gene was amplified by PGR from the template of chromosomal 
DNA of Bacillus species RK-1 strain (FERM P-15044) using two types of 
primers having sequences of Sequence ID Nos. 11 and 7. The obtained 
fragment was phosphorylated with T4 polynucleotide kinase and blunt - 
ended by SI nuclease. Thereafter, the fragment was digested with EcoRI, 
subjected to 0.8% agarose gel electrophoresis, and then the DNA fragment 
was recovered. With these operations, a 2.4kbp MPase gene that was 
blunt ended at its 5' terminal and had an EcoRI cleavage site in its 
3'terminal was obtained. 

Separately, a plasmid pUBHO was digested with restriction 
enzymes Xbal and EcoRI, and then the previously obtained promoter, 
0.25kbp DNA fragment and the 2.4kbp fragment of MPase were ligated 
thereto. As a result, an expression vector pUB-P-MP was obtained. 
Figure 7 shows the construction of the expression vector pUB-P-MP. 

Comparative Example 2: Construction of a TPase expression vector 
having a wild type a -amylase promoter 

A gene was amplified by PCR from the chromosomal DNA of 
Bacillus stearothermophilus SK-1 strain (FERM P-14567) of in Example 4 
using two kinds of primers having sequences of Sequence ID Nos. 12 and 
9. The obtained fragment was phosphorylated with T4 polynucleotide 
kinase, and blunt ended by SI nuclease. Thereafter, the fragment was 
cleaved with EcoRI, subjected to 0.8% agarose gel electrophoresis, and 
then a 2.4kbp fragment including a TPase structural gene region was 
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recovered. With these operations, a TPase gene that was blunt ended in 
its 5' terminal and had an EcoRI cleavage site in its 3' terminal was 
obtained. 

Separately, a plasmid pUBHO was digested with restriction 
enzymes Xbal and EcoRI, and then a TPase expression vector pUB-P-TP 
was obtained in the same manner as in Comparative Example 1. Figure 
8 shows the construction of the expression vector pUB-P-TR 

Example 5: Comparison in activity between MPase and TPase 
(Transformation and expression of Bacillus subtilis) 

The expression vectors obtained in Examples 3 and 4 and 
Comparative Examples 1 and 2 were used to transform the strain of 
Bacillus subtilis 168 by a conventional method so that recombinant 
Bacillus subtilis strains, that is, B.subtilis/pUB-PB-MP, B.subtilis/pUB- 
PBE-MP, B.subtilis/pUB-PB-TP, B.subtilis/pUB-PBE-TP, B.subtilis/pUB- 
P-MP, and B.subtilis/pUB-P-TP were obtained. The first four 
recombinant Bacillus subtilis strains have an expression vector in which 
a restriction site is introduced into the promoter, and the last two have an 
expression vector having the natural promoter. 

The obtained recombinant Bacillus subtilis strains were 
inoculated in a 100ml L medium (1% tryptone, 0.5% yeast extract, 0.5% 
NaCl, pH7.2, lOpg kanamycin) and cultured at 37°C over night. Then, 
1ml of the culture broth was taken, collected by centrifugation and 
suspended in a 0.85% NaCl aqueous solution. This collection and 
suspension was repeated to wash the bacteria. Then, the bacteria 
suspended in the 0.85% NaCl aqueous solution were inoculated in a 
500ml conical flask with baffles containing 100ml 2 x YT medium (1.6% 
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tryptone, 1.0% yeast extract, 0.5% NaCl, pH7.2, lOOpM kanamycin) and 
cultured for 20 hours with a rotary shaker. After culturing, the cultured 
solution was subjected to a supersonic treatment to destroy the bacteria 
and the bacterial residue was removed by centrifugation to prepare a 
crude enzyme preparation. Then, the activity of MPase or TPase was 
measured. Table 1 shows the results. 



Table 1 





recombinant 


Restriction 


MPase 


Increase 




microorganism having 


enzyme site in 


activity 


rate 




MPase gene 


promoter 


Units/1 


(factor) 


Example 


B.subtilis/pUB-PB-MP 


BamHI 


240,000 


4.8 


Example 


B.subtilis/pUB -PBE -MP 


B,Sm,K,Sa,E(*D 


240,000 


4.8 


Com. Ex. 


B.subtilis/pUB-P-MP 




50,000 


1 




recombinant 


Restriction 


TPase 


Increase 




microorganism having 


enzyme site in 


activity 


rate 




TPase gene 


promoter 


' Units/1 


(factor) 


Example 


B . subtilis/pUB -PB -TP 


BamHI 


300,000 


4.3 


Example 


B.subtilis/pUB-PBE-TP 


B,Sm,K,Sa,E(*l) 


300,000 


4.3 


Com. Ex. 


B.subtilis/pUB-P-TP 




70,000 


1 



(*1) B:BamHI,Sm:Smal,K:KpnI,Sa:Sacl,E:EcoRI 



For MPase and TPase, the productivity was improved by using a - 
amylase promoter having at least one restriction site in the 3' end. The 
activity of MPase and TPase was measured by the following method. 

(Measurement of MPase activity) 

First, 0.4ml of the crude enzyme preparation, 0.06ml of 0.5M 
phosphate-citrate buffer (pH 6.0), 0.6ml of 2W/V% maltose and 0.14ml of 
distilled water were mixed for maltose degradation reaction at 60°C for 15 
minutes. After the 15 minutes reaction, the reaction was stopped by 10 
minutes boiling. An aliquot (0.02ml) of the boiled reaction solution was 
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added to 3ml of a glucose test reagent Glucose CII-Test Wako (Wako Pure 
Chemical Industries, Ltd). The reaction mixture was incubated at room 
temperature for 20 minutes, followed by measurement of the absorbance 
at 505nm with a spectrophotometer to determine the amount of the 
glucose in the reaction mixture. The amount of the enzymes that 
participate in phosphorolysis of lpmol of maltose for 1 minute based on 
the amount of the produced glucose was defined as one unit. 

(Measurement of TPase activity) 

In the same manner as in the case of MPase except that 2W/V% 
trehalose was used as the substrate, the amount of glucose in a reaction 
solution was determined and the amount of the enzymes that participate 
in phosphorolysis of lpmol of trehalose for 1 minute was defined as one 
unit. 

Example 6: Obtaining mannose isomerase (Mlase) gene and construction 
of an expression cassette 

An Mlase used in the present invention is an enzyme produced 
from the strain that was isolated from soil in Hiroshima, Japan, and 
identified as Agrobacterium radiobactor M36 (FERM P-17377). This 
Mlase gene was isolated and identified by shotgun cloning of the 
chromosomal DNA and detecting the Mlase producing strain. 

(Preparation of chromosomal DNA) 

An Agrobacterium radiobactor M36 strain (FERM P-17377) was 
inoculated in 5 ml of an LB liquid medium (1% polypeptone, 0.5% yeast 
extract, 0.5% NaCl, (pH7.0)) and cultured at 30°C for 16 hours with 
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shaking. This culture broth was transferred to a 500ml flask with 
baffles containing 100ml of an LB medium and cultured at 30°C for 24 
hours, and bacteria were collected by centrifugation. 

The collected bacteria were suspended in a 0.1M tris-hydrochloric 
acid buffer (pH8.0) containing 0.1M EDTA. Then, lysozyme (Wako Pure 
Chemical Industries Ltd.) was added to this suspension in an amount of 
4mg/ml, and the suspension was shaken mildly at 37 °C for 30 minutes, 
followed by lyophilization at - 80°C for 30 minutes. After thawing, 
0.1M tris-hydrochloric acid buffer (pH9.0) containing 1% SDS and lOmM 
EDTA was added, and Protease K (Takara Shuzo Co. Ltd.) was further 
added in an amount of 0.5mg/ml, followed by incubation at 37°C for 6 
hours. A phenol solution saturated with lOmM tris-hydrochloric acid 
buffer (pH8.0) containing ImM EDTA (hereinafter, referred to as TE 
buffer) was added to this treatment solution to remove protein and a 
supernatant was obtained. Then, chilled ethanol was added to the 
supernatant, and a produced precipitation of chromosomal DNA was 
recovered, immersed in 70% ethanol for 5 minutes and dissolved in a TE 
buffer. RNaseA (SIGMA Co.) was added to this dissolved solution in an 
amount of 10|ig/ml followed by reaction at 37°C for 2 hours. Phenol was 
added to the reaction solution again to remove protein, and chilled 
ethanol was added. Then, a precipitated of chromosomal DNA was 
recovered. The obtained purified chromosomal DNA was immersed in 
70% ethanol for 5 minutes, and dissolved in a TE buffer in an amount of 
2mg/ml to produce a chromosomal DNA solution. 

(Shotgun screening: Selection of transformant that expresses Mlase) 

About 40 units of restriction enzyme Sau3AI were added to 1ml of 
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the chromosomal DNA solution and incubated at 37 °C for one hour to 
produce partially hydrolyzed chromosomal DNA, followed by recovery of 
about 5 to 10 kbp DNA fragments using agarose gel electrophoresis. 

Separately, a plasmid vector pBluescriptll SK (+) was cleaved 
with a restriction enzyme BamHI, and O.ljig of the plasmid vector and 
ljig of the recovered DNA fragments were ligated with DNA Ligation Kit 
(Takara Shuzo Co. Ltd.) and thus a recombinant plasmid was obtained. 
This plasmid was added to 100]il of competent cell (Competent high E. 
coli JM109 (Toyo Boseki Co., Ltd.)) and was left standing under ice- 
cooling for 30 minutes, and then heated to 42 °C. Then, an SOC medium 
(2% bacto tryptone, 0.5% bacto yeast extract, lOmM NaCl, 2.5mM KC1, 
lOmM MgCl 2 , 20mM glucose, pH7.5) was added thereto, followed by 
incubation at 37°C for one hour, and then the recombinant plasmid was 
introduced into E. coli. 

A transformant was selected with an LB medium containing 
lOOjig/ml of ampicillin. The transformant was cultured on an LB agar 
medium (pH7.0) containing 50jig/ml of 5-bromo-4-chloro-3-indolyl- p-D- 
galactoside and 250pg/ml of isopropyl 1-thio-p-D-galactoside at 37°C for 
18 hours and a white colony was selected. The obtained white colony 
was suspended in Glucose CII-Test Wako (Wako Pure Chemical Industries 
Ltd.) containing 0.3% fructose and 2.5mg/ml lysozyme and was left 
standing at 37 °C over night, and a colony that develops significant red 
according to visual observation was selected. 

Whether or not the obtained transformant had expressed Mlase 
was confirmed in the following manner. The transformant was 
inoculated in an LB medium containing 250]ig/ml of isopropyl l-thio-{3 -D- 
galactoside and 100}ig/ml of ampicillin and cultured at 37°C for 24 hours. 
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After culturing, bacteria were collected by centrifugation, and washed 
twice with 25ml of lOOmM phosphate buffer (pH7.0). The bacteria were 
suspended in 10ml of phosphate buffer as above and subjected to 
ultrasonic treatment, followed by centrifugation so that a supernatant 
was obtained as a crude enzyme preparation. This crude enzyme 
preparation and 20% fructose solution were reacted at 50°C for 24 hours 
and then production of mannose was confirmed by HPLC. The HPLC 
was performed under the following conditions. 

Pump model: PU-1580 manufactured by Nihon Bunko Co. Ltd. 

Column: CAPCELL PAK NH2 UG80 manufactured by Shiseido Co. 

Ltd. 

Detector: RI-71 model Refraction Index Detector manufactured by 
Showa Denko K.K. 

Eluent: acetonitrile : water = 80 : 20 
Flow rate: l.Oml/min 

Under the above-described conditions, the retention time of 
mannose was 7.6 minutes, and the retention time of fructose was 6.7 
minutes. In the reaction solution, a peak was observed at the retention 
time of 7.6 minutes, which confirmed that mannose was produced from 
fructose, that is, that the transformant has Mlase activity. 

(Obtaining deduced Mlase gene and sequencing) 

Recombinant plasmid DNA was extracted from the obtained 
transformant and the nucleotide sequence was determined by a 
conventional method. About 7.0kbp of the obtained sequence data was 
analyzed, and a fragment with about l.Skbp containing a sequence 
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encoding protein was obtained. The DNA sequence of this fragment with 
about l.Skbp was shown in Sequence ID No. 15. It seems that atg from 
the 314 th to 316 th positions of Sequence ID No. 15 is an initiation codon, 
and taa from the 1559 th to 1561 st positions is the termination codon. 

(Obtaining the promoter of the present invention and construction of an 

expression cassette) 

An expression cassette having a promoter sequence having Ndel 

and Xhol restriction sites in the 3' end and the terminator sequence of a - 

-amylase was prepared. 

A DNA fragment (0.25kbp Xbal-Xhol DNA fragment) to which 

Ndel and Xhol restriction sites were introduced downstream of Sequence 

ID No. 1 (promoter sequence) was obtained in the same manner as in 

Example 1, except that a primer having the sequence shown in Sequence 

ID No. 16 was used instead of Sequence ID No. 4. 

Separately, two kinds of primers having sequences of Sequence ID 
Nos. 17 and 18 in the sequence listing were synthesized based on the 
sequence of the a-amylase terminator sequence described in Gene, 15, 
43-(1981) for amplification by PCR. The gene fragment amplified by 
PCR was cleaved with restriction enzymes Xhol and EcoRI, and then 
subjected to 3.0% agarose gel electrophoresis. Thus, a 0.28kbp Xhol- 
EcoRI fragment including the terminator region of a-amylase was 
recovered from the agarose gel. The sequence of this fragment is shown 
in Sequence ID No. 19. 

A plasmid pUBllO (manufactured by SIGMA Co.) was digested by 
Xbal-EcoRI, and then the obtained promoter sequence (0.25kbp Xbal- 
Xhol fragment) and the terminator sequence (0.28kbp XhoI-EcoRI 
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fragment) were ligated thereto with T4DNA ligase, so that an expression 
cassette pUB-PBN was obtained (Figure 9). 

(Construction of Mlase expression vector) 

An Mlase gene was amplified by PCR with chromosomal DNA of 
Agrobacterium radiobacter M36 strain (FERM P-17377) using two types 
of primers having sequences of Sequence ID Nos. 20 and 21 in the 
sequence listing, and cleaved with restriction enzymes Ndel and Xhol, 
and then subjected to 0.8% agarose gel electrophoresis. Thus, a 1.2kbp 
Ndel-Xhol fragment was recovered. This fragment included an Mlase 
structural gene constituted by the 341 th to 1558 th positions of Sequence ID 
No. 15. 

The obtained plasmid pUB-PBN was digested with Ndel and Xhol, 
and then the 1.2kbp fragment including the Mlase structural gene was 
ligated thereto with T4DNA ligase, so that a plasmid pUB-PBN-MI was 
obtained. Figure 10 shows the construction of the Mlase expression 
vector. 

Comparative Example 3 

For comparison, an Mlase expression vector having the a -amylase 
promoter of a wild type Bacillus amyloliquefaciens was prepared. 

A gene was obtained from the chromosomal DNA of an 
Agrobacterium radiobactor M36 strain (FERM P-17377) and amplified by 
PCR, using two types of primers having sequences of Sequence ID Nos. 22 
and 21. The obtained fragment was phosphorylated with T4 
polynucleotide kinase, and blunt ended by SI nuclease. Thereafter, the 
fragment was cleaved with Xhol, subjected to 0.8% agarose gel 
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electrophoresis, and the DNA fragment was recovered. With these 
operations, a 1.2kbp Mlase gene that was blunt ended at its 5' terminal 
and had an Xhol cleavage site in its 3' terminal was obtained. 

Separately, the above-obtained plasmid pUB-PBN was digested 
with Xbal and Xhol, subjected to 0.8% agarose gel electrophoresis, and 
thus a DNA fragment free from the a-amylase promoter was recovered. 
The 0.25kbp DNA fragment of the wild type a-amylase promoter obtained 
in Comparative Example 1 and the 1.2kbp fragment of the Mlase gene 
were ligated to the DNA fragment of the pUB-PT. As a result, an 
expression vector pUB-P-MI was obtained. Figure 11 shows the 
construction of the expression vector pUB-P-MI. 

Example 7 

(Comparison of Mlase activity) 

Transformation into Bacillus subtilis and expression 
Using the expression vector obtained in Example 6 and 
Comparative Example 3, Bacillus subtilis 168 was transformed by a 
conventional method, and thus recombinant Bacillus subtilis strains, 
B.subtilis/pUB-PBN-MI and B.subtilis/pUB-P-MI were obtained. The 
former has an expression vector in which a restriction enzyme site is 
introduced into the promoter, and the latter has an expression vector 
having the natural promoter. 

The obtained recombinant Bacillus subtilis strains were used to 
prepare a crude enzyme preparation in the same manner as in Example 5, 
and the activity of the Mlase was measured. Table 2 shows the results. 
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Table 2 





Mlase gene 
recombinant 
microorganism 


Restriction 
enzyme sites in 
promoter 


Mlase 
activity 
Units/1 


Increase 

rate 
(factor) 


Example. 
Com. Ex. 


B.subtilis/pUB-PBN-MI 
B.subtilis/pUB-P-MI 


BamHI,NdeI 


730,000 
106,000 


6.9 
1 



As seen from the results, the Mlase had activity 7 times higher 
than that of the natural type, and the productivity was improved by using 
the a -amylase promoter having a restriction enzyme cleavage site in the 
3' end as in the cases of MPase and TPase. 

The activity of the Mlase was measured by the following method. 
First, 200pl of an enzyme solution that had been diluted as appropriate 
was added to 200jil of 200mM mannose solution dissolved in a lOOmM 
phosphate buffer (pH7.0), and an enzyme reaction was performed at 50°C. 
Then, the enzyme reaction was stopped by boiling for 10 minutes, and the 
composition of the saccharide was analyzed by HPLC. The amount of 
the enzymes that produce Ijamol of fructose for 1 minute under these 
conditions was defined as one unit. 

Industrial Applicability 

It was found that introducing a restriction site into the 3' end of 
a-amylase promoter improves the activity of the promoter. This 
promoter has a high activity and since it has a restriction site, a foreign 
gene easily can be inserted therein, so that this promoter is useful for 
substance production. 

c5J7 



